Introduction
Maternal hyperglycemia is associated with increased risk of various undesirable fetal as well as children's outcomes occurring later in life. The list includes also neurological symptoms and diseases, for example neurodevelopmental delay, attention deficit hyperactivity disorder, learning difficulties or motor abnormalities [1] .
Previous studies have shown some evidence of the association between exposure to pregestational maternal diabetes and risk of autism spectrum disorders (ASD) in the offspring [2] [3] [4] . It is less clear whether there is similar association between maternal gestational diabetes mellitus (GDM) and ASD in the offspring [5] [6] [7] [8] .
ASD, comprising of childhood autism, Asperger's disorder, atypical autism, pervasive developmental disorder non otherwise specified (PDD-NOS) and childhood disintegrative disorder, are characterized by deficits in functioning, social interactions and com-munications with repetitive and restricted patterns of behavior. The prevalence rate of ASD is rapidly growing, with estimated median of 65.5/10 000 and 61.9/ /10 000 in the North America and Europe respectively [9] .
The current estimates in Poland are based on the registries of the National Health Fund with median of 17.6/10 000 children aged 0-18 years old [10] ; older data from the former Krakow voivodeship from the group of six-year olds placed this prevalence at 6.2-9.6/10 000 [11] .
The prevalence of ASD is rapidly growing; thus, studying the potential metabolic risk factors is crucial for better understanding of this phenomenon and may be helpful to prevent it. In our observational study, we aimed to assess the prevalence of ASD in the offspring of mothers diagnosed with GDM that were treated in the university clinic and compared it with the estimated prevalence of ASD in Poland in children aged 0-18 years old.
Methods
We performed a retrospective, cross-sectional analysis of data gathered from GDM patients treated at the Department of Metabolic Diseases, University Hospital, a tertiary university center, Krakow, Poland from 1999 to 2011. 2372 GDM patients were included. Women with other types of diabetes were excluded. We managed to reach 947 mothers and 1007 children aged 4-16 years and obtain data by telephone or letter surveys, and by review of the patients' medical records.
We obtained numerous clinical (maternal educational level, parity, maternal and child's comorbidities, family history of ASD and diabetes, insulin treatment, type and week of delivery, maternal and child's age, week of GDM diagnosis, pre-pregnancy body mass index (BMI), highest BMI during pregnancy, weight gain during pregnancy, breastfeeding timespan, APGAR score, systolic and diastolic blood pressure (SBP and DBP respectively) and biochemical (HbA 1c , thyroid-stimulation hormone) parameters to compare the characteristics of women from ASD and non-ASD groups. Parameters such as: insulintreatment, maternal age, week of GDM diagnosis, pre-pregnancy BMI, highest BMI during pregnancy, weight gain during pregnancy, SBP, DBP, HbA 1c , TSH were taken from the medical records.
The maternal and child's age calculation was performed on the 1st of January 2016; week of GDM diagnosis was taken from the medical records and defined as the time of the first recognition of hyperglycemia that was the basis of GDM diagnosis. GDM diagnosis was made using diagnostic criteria adequate for the 1999-2011 time period.
In Poland from 1999 to 2005 the diagnosis of GDM was based on a two-stage algorithm involving an oral glucose challenge test (GCT) with 50 g of glucose performed between 24 th and 28 th week of gestation. In case of an abnormal result [venous plasma glucose > 7.8 mmol/l (140 mg/dl) after 60 minutes] it was followed by an oral glucose tolerance test (OGTT) with 75 g of glucose. GDM was diagnosed if fasting glucose was > 6.1 mmol/l (110 mg/dl) or > 7.8 mmol/l (140 mg/dl) 120 minutes post-OGTT. From 2005 to 2011 a GCT with the cut-off of 7.8 mmol/l (140 mg/dl) was not mandatory. Diagnosis of GDM was made if fasting glucose was > 5.6 mmol/l (100 mg/dl) or if it was > 7.8 mmol/l (140 mg/dl) in 120 minutes of 75 g OGTT [12, 13] .
In the current study, children were considered to have an ASD based on interviews with mothers (the mothers were asked if a formal ASD diagnosis has been made).
To assess if the prevalence rate of ASD in the offspring of mothers with GDM was significantly different from available epidemiological data for children aged 0-18 years in Poland, we performed significance test based on the exact binomial probability.
To identify significant factors discriminating the mothers and offspring with and without ASD MannWhitney U test and Fisher's exact test were performed. STATISTICA 12 software, VassarStats.net and SocialScienceStatistics.com were used to analyze data. Statistical significance was defined as p < 0.05.
The estimated median prevalence of ASD in children aged 0-18 years in Poland, diagnosed using ICD-10 criteria, based on the registries of the National Health Fund is 17.6/10 000 [10] .
Results
The analysis included 947 mothers with GDM and 1007 children. There were 105 women (4.4% out of 2372 subjects) that did not agree to participate in the telephone survey. Figure 1 shows the flow diagram for our study. We identified 8 cases of ASD, thus, the prevalence of ASD in the offspring of mothers with GDM patients in our study was 0.8% (8/1007), higher than in children aged 0-18 years in Poland (17.6/ /10 000; p = 0.0004).
In the ASD group there were 2 cases of autistic disorder, 5 cases of Asperger's syndrome and 1 case of atypical autism. All affected children were male, the median age of diagnosis was 4.5 years and it ranged from 2.5 to 7 years.
In the group with ASD vs. group without ASD median pre-pregnancy BMI (20. For other parameters, comparative analysis of the obtained parameters showed no significant differences in educational level, parity, maternal hypertension, obesity, family history of diabetes, insulin administration, child's vaccinations according to the calendar, type of delivery, endangered pregnancy, age at the moment of conception, week of gestation when GDM was diagnosed, median highest BMI, weight gain during pregnancy, age when breastfeeding ceded, week of delivery, child's age, APGAR score, TSH and HbA 1c level. Table 1 shows in details results for all compared parameters.
Discussion
In this study we showed data providing further evidence for the association between maternal GDM and ASD in the offspring. This observation is in line with some previous data from pre-gestational and GDM [2-4, 14, 15] .
Biological basis of the investigated phenomenon is not yet fully understood but some potential mechanisms have been identified. Firstly, maternal hyperglycemia can lead to fetal hypoxia and increase the oxidative stress, resulting in neurodevelopmental disorders [16] [17] [18] . Hyperglycemia can also enable epigenetic modifications [19] . Secondly, GDM is thought to induce chronic inflammation, which may be linked to the fact that ASD children have elevated levels of inflammatory biomarkers in the bloodstream [20] . Moreover, it is theorized that insulin-induced activation of PI3K/Tor kinase in neurons of the fetus could play some role, especially in the susceptible population [21] .
In our study mothers of affected children had prepregnancy BMI within the normal range; however, it was lower than in the unaffected group. This contradicts earlier studies showing that mothers of ASD children were more likely to be obese [22] . The strong association of male sex and ASD [23] was confirmed in our study.
Already published data suggests that in retrospective analysis ASD children are more likely to have low body weight and to be small for gestational age but maternal GDM was not considered in this analysis [5] . In our whole study group the birthweight of boys was significantly higher than the girls. This and the fact that all ASD children were males may contribute to the difference in birthweight between ASD and non-ASD children.
Concerning the fact that in our study SBP and DBP were significantly lower in the non-ASD group we believe that this result is clinically meaningless because in both subgroups the median values were within the normal range. Of note, all hypertensive mothers were in the non-ASD group.
We identified some shortcomings of our study. Due to the lack of access to the data of non-GDM mothers, we were unable to form a control group and asses the prevalence of ASD in it. Instead, we used the best available epidemiological data on the prevalence of ASD in all children aged 0-18 years in Poland that uses ICD-10 criteria [10] . A small number of patients in the ASD group results from low prevalence of ASD in the general population. We did not have an access to the criteria used to diagnose ASD in the offspring. We admit that our study design may have had impact on the results. Contrary to some of the previous studies, we did not access the data of ASD children, but instead relied on the medical records and surveys gathered from GDM mothers. Additionally, some number of women refused to participate in the study, what could have introduced some bias, as for example those with children affected by ASD were more likely not to respond.
We believe that our study has also some strengths. The mothers of affected children in our study were not obese or hypertensive -lack of other already identified risk factors for the ASD in our opinion increases the reliability of our finding that GDM increases the risk of ASD. Moreover, our study group was relatively large for one-center survey-based study. In general, there is a lack of such epidemiological research in Poland, including the field of ASD. The available information of the prevalence of ASD in Poland is based on the registries that incorporate reported data from health centers. To find the most reliable information on the prevalence of ASD in Poland we conducted search in multiple databases and the only study on the subject that assessed the prevalence using surveys and medical examination was published in the 2003 and was limited only to 6-year-olds [11] . The fact that, besides our study, we only found one that did not use registries to assess the prevalence rate of ASD in Poland, makes the subject highly under researched and calls for wider attention.
Conclusions
The prevalence of ASD in the offspring of mothers with GDM in our study was significantly higher than in children aged 0-18 years from the general population of Poland. That adds to the already published research that there is evidence for association between maternal GDM and increased risk of ASD in the offspring.
